In an article published in this journal, A. F. Kolesnichenko et al. 1) argued that the dual-coil EMS application should produce the so-called edge effect which would consequently lead to parametric resonance of the mold meniscus. Therefore, according to the authors, dualcoil EMS is not adequate to provide the required meniscus stability. The premise of the edge effect is central to the consideration of the dual-coil EMS performance given in the article. According to the hypothesis of the edge effect, a portion of the primary magnetic field produced by the inductors of dual-coil EMS is rejected due to interaction with currents induced in the mold rather than being transmitted through the mold wall. This portion of the magnetic field, as shown in Fig. 3 of the article, travels outside of the mold toward its upper end, where it circumvents the upper edge of the mold wall and enters the melt meniscus from above. In the melt, just below the meniscus, magnetic flux interacts with radial component of the induced currents resulting in the oscillating Lorentz force. As comparatively low frequency magnetic fields are used in the EMS systems (typically fϽ10 Hz), parametric resonance should occur at the meniscus when the frequency of magnetic field is close to or coincides with the eigenfrequency of a free oscillation mode on the meniscus.
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The phenomenon of meniscus oscillation in a low frequency magnetic fields is well studied by Fautrelle and his co-workers. [2] [3] [4] [5] These studies established that in addition to the requirements for matching frequencies, magnetic flux density should also satisfy a certain threshold for parametric resonance to occur. Thus, it was found that growth rate of perturbation on the meniscus was negligible at magnetic flux density BՅ0.1 T, not with standing magnetic field frequencies equal to the melt eigenfrequencies.
3)
The hypothesis of edge effect is largely based on the assumption that the stray magnetic flux from the stirrer reaches the mold end without encountering any "obstacle." The authors even suggest to use a ferromagnetic "insert" above the stirrer to absorb a portion of this magnetic flux and thereby reduce the edge effect, as shown in Fig. 3b .
Industrial EMS installations, however, are quite different from the model assumed in the article.
1) The mold, near its upper and bottom ends is separated from the mold housing inner volume by thick steel plates. The plate at the mold upper end practically absorbs all magnetic flux before it can reach the mold open end and enter the meniscus. Thus, the suggested insert is already in place in industrial installations. Regarding the magnetic flux density present at the mold meniscus, the experimental measurements estimate that the radial component of magnetic flux commonly does not exceed 0.03 T, and the axial component is almost nonexistent (e.g. 0.004 T). These values of magnetic flux density are well below the level reported in observations of the parametric resonance.
The above values of magnetic flux density are pertinent to the EMS arrangement in a relative proximity to the meniscus, as it is in the case of the upper inductor of the dual-coil EMS. However, with a stirrer arrangement in the lower portion of the mold housing, which is common for continuous casting practice with the submerged pouring, there is no magnetic flux detected in the mold meniscus region.
Industrial practice of continuous casting with EMS provided no reported evidence of the parametric resonance at the mold meniscus. There is no reported systemic problem related to meniscus oscillation due to either EMS or mold oscillation with both having overlapping range of frequencies, e.g. 2 to 6 Hz.
The performance of dual-coil EMS clearly demonstrates absence of turbulence on the meniscus, i.e. either standing waves or oscillations, when the upper stirring coil operates in the mode of a magnetic brake. The flat shape of the oscillation marks on the strand surface and submerged entry nozzle erosion pattern clearly confirm calmness of the meniscus, whereas an intensive stirring takes place in mold bulk. 6, 7) There was also no difference found in the level of meniscus fluctuation or the amount of mold powder entrapment on the heats cast with the submerged pouring without EMS and those stirred with dual-coil EMS. In contradiction to the authors' claim regarding the strong meniscus oscillations, observations of the meniscus in large columns of mercury and Wood's metal stirred by industrial dual-coil EMS systems (with the braking action in the meniscus region) demonstrated that the stirring motion at the meniscus can be reduced to a virtual zero. 7) Videotaping of the meniscus revealed only slight oscillations in the mold corners. This type of oscillation results from the vertical flows produced by any rotary type stirrer due to the transport of the bulk turbulence eddies to the meniscus. 8) The article claim that dual-coil EMS "has been cancelled in many casters" is highly inaccurate and cannot be substantiated by even a single reference to industrial dual-coil EMS decommissioning. Contrary to that claim, some older, single-coil EMS systems have been replaced by dual-coil EMS. Such replacements have taken place at Corus Construction & Industrial, Scunthorpe, UK in 2000 and at Charter Steel, Saukville, WI, USA in 2002. Currently 13 billet and bloom casters around the world operate with dual-coil EMS.
In order to solve the problem of meniscus stability, the authors of the article 1) suggest the use of two-frequency current for excitation of the stirring coils of a "conventional," single-coil EMS. The main assumption of this proposal is also based on the edge effect, in accordance with which rejection of the higher frequency magnetic field by the mold is stronger, in comparison to the lower frequency magnetic field, and therefore more high frequency magnetic flux will be available at the meniscus. By counter-rotating this high frequency component of the magnetic field with respect to the main (i.e. the lower frequency) field direction, an effective braking action at the meniscus without the parametric resonance is asserted.
As it was noted earlier, the axial component of magnetic flux cannot reach the meniscus by way of passing through the steel plate installed at the mold upper end, while the horizontal component of higher frequency magnetic field will also be greatly attenuated by the mold. The high frequency component of magnetic field considered in the article has frequency of 13 to 20 Hz. In this frequency range, a magnetic field is drastically attenuated by the copper alloy mold of practically any section size, and especially by the large section mold considered in the article.
1) Thus Fig. 1 shows the resultant waveform of superimposed magnetic fields with frequency of 3 and 13 Hz. This waveform was measured without the mold, and presence of both original frequencies is clearly observed. Figure 2 shows the waveform of the same magnetic field inside of a small section mold (145ϫ145 mm). While the magnetic field component with frequency of 3 Hz remains fundamental, the component with frequency of 13 Hz is drastically reduced. In a large mold, such as that selected for the modeling discussed in the article (i.e. 300ϫ400 mm), the magnetic field component of such frequency will be reduced significantly more. As there is no detail of the modeling provided, it is not possible to assess its accuracy. However, some results of the modeling have given rise to a concern about its accuracy. Thus, for example, a stepwise shape of azimuthal velocity distribution across the meniscus (Figs. 6 and 8 of the article 1) ) contradicts published data, as well as theory.
© 2005 ISIJ Another aspect of practical application of high-frequency component in a two-frequency magnetic field is worth being noted. A higher frequency current will require significantly more power input to the stirrer (in kVA) in comparison with that for the lower frequency component. Thus using one of the current settings listed in Table 1 of the article 1) i.e. 275 A at 3 Hz for the low frequency current and 137 A at 20 Hz for the high frequency current, the kVA input required for the high frequency current will be increased by a factor of 1.65 in accordance with the relationship: This is unlikely to be an attractive solution, even assuming that the practical application of magnetic fields with such high frequencies is feasible.
It is clear from the above discussion that the design parameters of industrial EMS systems must be taken into consideration in a theoretical analysis of their performance, as well as in a proposal of novel untested concepts in order to utilize their application in industrial practice. 
